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Integrated scheduling; Since production systems constantly need to prevent efficiency decline, and one of the main
Maintenance planning; components of maintaining efficiency is the proper implementation of the quality control system.
Quality control; Therefore, in production systems, it is essential to integrate production scheduling, maintenance
Sequence-dependent setup and repair planning, and quality control. In this research, an attempt has been made to present
time; processing times in an integrated system by presenting an advanced model of single-machine
Controllable processing time; production scheduling with sequence-dependent setup times. This model has been modeled with
multi-objective optimization. two objectives: achieving uniform production or minimizing the difference between the maximum

and minimum production of a specific product in a production period, and minimizing the total
costs involved in the production process, including setup costs, product production, shortages,
inventory, inspection of manufactured items, and maintenance costs (including preventive
maintenance and major repairs). The results of implementing the model in a case study showed
that, first, there is a completely direct relationship between the volume of manufactured items for
each product in each period and the number of non-conforming items in each period. Second,
planning for preventive maintenance and repairs is less expensive than major repairs. Also, the
number of non-conforming items in each period for each product in different periods is affected
by the timing of production and maintenance and repairs of products. So that the production
manager should pay attention to the processing times in planning the production of these products.

Extended Abstract

1. Introduction

survival and growth. However, efficiency tends to decline over time due to equipment deterioration, process variability,

quality degradation, and improper coordination between operational functions. One of the most important mechanisms
for preventing performance decline is the effective implementation of a comprehensive quality control system. At the same
time, maintenance and repair activities play a critical role in sustaining system reliability and preventing unexpected
breakdowns.

P roduction systems operate in highly competitive environments where maintaining operational efficiency is essential for

Traditionally, production scheduling, maintenance planning, and quality control have been addressed separately.
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Nevertheless, real-world manufacturing environments reveal strong interdependencies among these functions. Production
timing affects equipment condition; maintenance activities influence processing times and system availability; and quality
performance is directly impacted by both production intensity and machine health. Therefore, an integrated approach is
necessary to ensure cost efficiency, production stability, and quality improvement.

2. Statement of the Problem

In many manufacturing systems, particularly single-machine environments with sequence-dependent setup times, decision-
making becomes complex due to the interaction between scheduling, maintenance, and quality considerations. Ignoring these
interactions may lead to increased costs, production imbalance, excessive defects, and higher corrective repair expenses.

The primary challenge addressed in this research is how to simultaneously determine production scheduling, maintenance
and repair planning, and quality-related decisions within a unified framework. Specifically, the study focuses on incorporating
processing times into an integrated model where setup times depend on job sequences and machine condition evolves over
time.

The objectives of the proposed model are twofold. The first objective is to achieve production uniformity by minimizing
the difference between the maximum and minimum production quantities of a specific product within the planning horizon.
Balanced production reduces instability in inventory levels and customer dissatisfaction. The second objective is to minimize
the total production cost, including setup costs, production costs, shortage penalties, inventory holding costs, inspection costs
for manufactured items, and maintenance costs (both preventive maintenance and major corrective repairs).

3. Methodology

This research develops an advanced mathematical model for single-machine production scheduling with sequence-
dependent setup times under an integrated framework. The model simultaneously considers production decisions, preventive
maintenance scheduling, corrective repair planning, and inspection policies.

Processing times are modeled in a way that reflects their interaction with maintenance activities and quality performance.
The system performance deteriorates over time, which affects both production efficiency and the generation of non-conforming
items. Preventive maintenance actions restore machine condition partially or fully, while major repairs involve higher costs
and longer downtime.

The model is formulated as a bi-objective optimization problem. The first objective function minimizes production
imbalance, and the second minimizes the total system cost. A case study was conducted to evaluate the applicability and
effectiveness of the proposed model. Realistic production, cost, and maintenance parameters were incorporated to analyze
system behavior under different planning scenarios.

4, Results
The results obtained from implementing the model in the case study reveal several important findings.

First, there is a direct and positive relationship between the production volume of each product in each period and the
number of non-conforming items generated during that period. As production quantity increases, the number of defective items
also increases proportionally, highlighting the importance of integrating quality considerations into production planning.

Second, the analysis demonstrates that preventive maintenance and minor repair planning are significantly less costly than
major corrective repairs. Systems that rely heavily on corrective maintenance experience higher total costs due to longer
downtime and increased defect rates.

Third, the number of non-conforming items for each product across different periods is strongly influenced by the timing
of production and maintenance activities. The interaction between processing times and maintenance schedules directly affects
machine condition and, consequently, product quality. This confirms that maintenance timing decisions must be aligned with
production scheduling decisions.

5. Conclusion

This study presented an integrated bi-objective model for single-machine production scheduling with sequence-dependent
setup times, incorporating maintenance planning and quality control considerations. By simultaneously optimizing production
uniformity and total system cost, the proposed model provides a comprehensive decision-support framework for manufacturing
managers.

The findings emphasize that production volume, maintenance strategy, and processing times are interdependent factors
influencing defect generation and overall cost. Preventive maintenance planning proves to be more economical than reliance
on major repairs, and improper coordination between production and maintenance increases the number of non-conforming
items.

Therefore, production managers should carefully consider processing times and maintenance scheduling when planning
production activities. The integrated approach proposed in this research contributes to improved production balance, reduced
costs, enhanced quality performance, and sustainable operational efficiency.
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